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Abstract 

Background: Tobacco control policies at the state level have been a critical impetus for reduction in smoking 
prevalence. We examine the association between recent changes in smoking prevalence and state-specific tobacco 
control policies and activities in the entire U.S. 

Methods: We analyzed the 1992-93, 1998-99, and 2006-07 Tobacco Use Supplement to the Current Population 
Survey (TUS-CPS) by state and two indices of state tobacco control policies or activities [initial outcome index (IOI) 
and the strength of tobacco control (SOTC) index] measured in 1998-1999. The IOI reflects cigarette excise taxes 
and indoor air legislation, whereas the SOTC reflects tobacco control program resources and capacity. Pearson 
Correlation coefficient between the proportionate change in smoking prevalence from 1992-93 to 2006-07 and 
indices of tobacco control activities or programs was the main outcome measure. 

Results: Smoking prevalence decreased from 1992-93 to 2006-07 in both men and women in all states except 
Wyoming, where no reduction was observed among men, and only a 6.9% relative reduction among women. The 
percentage reductions in smoking in men and women respectively were the largest in the West (average decrease 
of 28.5% and 33.3%) and the smallest in the Midwest (18.6% and 20.3%), although there were notable exceptions 
to this pattern. The decline in smoking prevalence by state was correlated with the state's IOI in both women and 
men (r = -0.49, p < 0.001; r = -0.31, p = 0.03; respectively) and with state's SOTC index in women(r = -0.30, p = 
0.03 0), but not men (r = -0.21, p = 0.14). 

Conclusion: State level policies on cigarette excise taxes and indoor air legislation correlate strongly with 
reductions in smoking prevalence since 1992. Strengthening and systematically implementing these policies could 
greatly accelerate further reductions in smoking. 
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Background 

Tobacco use remains the single largest preventable 
cause of disease and premature death in the United 
States. About 20% (46 million) of US adults are current 
smokers [1]. Tobacco use increases the risk of many dis- 
eases including heart disease, cancer, and respiratory 
diseases. Each year smoking results in an estimated 
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443,000 premature deaths, of which about 49,400 are in 
nonsmokers as a result of exposure to secondhand 
smoke [2] . In recent years, progress in the reduction of 
smoking and smoking related diseases varies by state. 

Recent reports based on 1998 to 2007 Behavioral Risk 
Factor Surveillance System (BRFSS) surveys qualitatively 
showed that the prevalence of smoking generally is 
higher and the annual percentage decrease is lower 
among states in the South or Midwest, compared to 
those in the West or North East [3-5]. An evaluation of 
the American Stop Smoking Intervention Study 
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(ASSIST) [6,7] observed larger reductions in per capita 
cigarette consumption and to a lesser extent smoking 
prevalence in states that implemented stronger policy 
and program interventions than in those that implemen- 
ted weaker ones. The aim of ASSIST was to demon- 
strate that the application of statewide tobacco 
prevention and control programs and policies would 
reduce cigarette consumption and smoking prevalence. 
The ASSIST program which began in 1992-93 and con- 
cluded in 1998-1999 sought to change the social and 
environmental influences that affect individuals' use of 
tobacco, primarily through interventions in four policy 
areas: 1) smoke-free environments, 2) tobacco advertis- 
ing and promotion, 3) youth access to tobacco, and 4) 
tobacco price [7]. The studies that evaluated ASSIST 
either did not systematically evaluate the changes in 
smoking prevalence in relation to state tobacco control 
policies and programs [3-5] or were limited to observa- 
tions through 1998-99 [6,7]. Several other analyses 
[8-15] have observed accelerated reductions in per 
capita consumption and/or smoking prevalence in states 
or cities that have implemented major increases in 
cigarette excise taxes and other elements of comprehen- 
sive tobacco control programs. 

This paper examines changes in state- and regional 
adult smoking prevalence from 1992-2007 in relation to 
two indices of state tobacco control policies measured 
in 1998-99, with longer follow-up than previous analyses 
(ASSIST) allowing greater time for policy interventions 
and programs to have an effect. The two indices of 
tobacco control policies measured in 1998-99 were the 
Initial Outcome Index (IOI) which measures states' 
tobacco control policies and activities (such as indoor 
air legislation and cigarette prices) and the strength of 
tobacco control (SOTC) index which measures tobacco 
control resources, capacity, and program efforts [16,17]. 
In addition to examining the extent to which the indices 
of state tobacco control policies explain the trends, we 
also identify notable exceptions (outliers) that deserve 
further scrutiny. 

Methods 

This study uses current smoking prevalence data from 
three waves of Tobacco Use Supplement to the Current 
Population Survey (TUS-CPS), 1992-93, 1998-99 and 
2006-07, each with a three month sample. The CPS is a 
monthly survey of over 50,000 households conducted by 
the Bureau of the Census for the Bureau of Labor Statis- 
tics [18]. It is a probability sample based on a stratified 
sampling scheme of clusters designed to provide repre- 
sentative estimates for the whole nation, regions, and 
individual states. The complete CPS methodology has 
been published elsewhere [19]. The Tobacco Use Sup- 
plement (TUS) has been administered periodically as 



part of the CPS since the 1992-93 CPS [20] to measure 
current smoking and other measures of tobacco use 
nationally and by region and state. Current smokers 
were defined as those who smoked every day or some 
days and had smoked at least 100 cigarettes in their life 
time. 

We estimated weighted current smoking prevalence 
for ages 18 and older by sex and area of residence 
(state, division and region) for 1992-93, 1998-99, and 
2006-07, separately, by use of TUS-CPS survey weights 
(which account for selection probabilities and survey 
non-response). Then we computed the relative percen- 
tage change in smoking prevalence in 2006-07 compared 
to 1992-93, i.e., the absolute difference in smoking pre- 
valence between 2006-07 and 1992-93 expressed as a 
percentage of the 1992-93 prevalence. The statistical sig- 
nificance of this relative change was assessed by examin- 
ing whether the ninety-five percent confidence intervals 
(95% CIs) of the two smoking proportions overlapped or 
not. Standard errors for the weighted prevalence were 
computed in SAS-callable SUDAAN (V.9.0.1) [21], using 
PROC CROSSTAB, with replicate weights obtained 
from the U.S. National Cancer Institute (NCI), with 
Fay's balanced repeated replication [22]. 

We determined whether the relative changes in smok- 
ing prevalence were associated with summary measures 
of state tobacco control policies or activities in 1998- 
1999, specifically the initial outcome index (IOI) and the 
strength of tobacco control (SOTC) index, both of 
which were developed to assess the effectiveness of the 
ASSIST program. The IOI was designed to serve as a 
near-term measure for the effectiveness of ASSIST 
interventions in order to capture societal changes that 
are fostered by early intervention strategies that will ulti- 
mately, over time, result in the final desired outcomes 
such as lower smoking prevalence and per capita cigar- 
ette consumption. The IOI was formed from three 
initial outcomes, each of which was significantly corre- 
lated with reduced prevalence and consumption levels at 
baseline in 1993: the percentage of smokers reporting 
working in a 100% smoke-free work site, price of cigar- 
ettes, and legislative rating for clean-indoor air which is 
a score that reflects both the strictness and the coverage 
of clean air ordinances within each state. An example of 
a clean air ordinance is the California state law enacted 
in 1995 that prohibited smoking in nearly all indoor 
workplaces, which was extended in 1998 to include bars 
and gaming rooms. The data for these outcomes were 
obtained from national datasets such as the TUS-CPS 
and the State Cancer Legislative Database (SCLD) and 
from local data from the American Nonsmokers' Rights 
Foundation (ANRF). The IOI index value was formed by 
creating z scores (standardized values) by state for each 
of the three tobacco control measures, which were then 
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summed to form an overall index for tobacco control 
efforts in each state [7], The SOTC index was created to 
measure the program effects of ASSIST and to serve as 
an overall measure of tobacco control intensity at the 
state level. The measure comprises three main con- 
structs: 1) tobacco control resources which were defined 
as the amount of money allocated for a state's tobacco 
control program and the number of full-time equivalent 
staff assigned to tobacco control in a state, 2) capacity 
which was defined as state leadership support for tobacco 
control, the character of relationships between state 
tobacco control agencies, the independence and power of 
the health department tobacco control program director, 
the composition and character of the state-level tobacco 
control coalition(s), and the experience level of state 
tobacco control professionals, and 3) program efforts 
focused on policy and environmental changes defined by 
the tobacco control activities that the state tobacco con- 
trol program engaged in such as media advocacy efforts 
to gain anti-tobacco coverage and education and cessa- 
tion programs [7]. The constructs were measured 
through a survey instrument with respondents from a 
variety of sources including state health departments, sta- 
tewide tobacco control coalitions, and state level volun- 
tary health organizations. The SOTC index values were 
created through the use of z scores sums and a hierarchi- 
cal principal components analysis [6,7,16,17]. 

The relationship between these two indices and 
changes in smoking prevalence were evaluated using 
Pearson partial correlation coefficients after accounting 
for state differences in percent poverty, or percent black 
or Hispanic according to the 2000 U.S. Census. The IOI 
has been measured during in 1992-93 and 1998-99 and 
in each year in between; we chose to use the IOI mea- 
sured in 1998-99 because it reflects the overall strength 
of tobacco control policies and efforts at the midpoint 
of the period in which trends in smoking prevalence 
were examined. The SOTC index was measured for the 
first time in 1998-1999 [17]. 

Because many states have increased the price of cigar- 
ettes after 1998-99 and/or implemented new or 
strengthened existing tobacco control programs follow- 
ing the Master Settlement Agreement in 1998-1999, we 
also calculated state-specific changes in smoking preva- 
lence between 1998-99 and 2006-07 and their associa- 
tions with state-specific changes in inflation adjusted 
price of cigarettes (1998-99-2005) or in percent of 
indoor workers with smoke-free work place during the 
corresponding time interval (1998-2007). 

We mapped the smoking prevalence in 2006-07 and 
the relative percent change in the prevalence between 
1992-93 and 2006-07 by state to illustrate the top 10 
and bottom 10 states and regional patterns for each of 
these two variables. We restricted our main analyses to 



these two time periods because we were interested in 
the total percent change between the two time intervals. 

Results and Discussion 

Table 1 shows current smoking prevalence among 
adults aged 18 years and older by state for men and 
women for the 1992-93, 1998-99, and 2006-07 surveys. 
During the 2006-07 survey, the highest smoking preva- 
lence was recorded in Kentucky for men and in Ken- 
tucky and West Virginia for women. Seven of the top 
ten states for smoking prevalence in men and five of the 
top ten states in women are located in the Southern 
region (Figure 1). In contrast, Utah showed the lowest 
smoking prevalence for men and Utah and California 
for women during the corresponding time interval. 

Adult smoking prevalence decreased from 1992-93 to 
2006-07 in both men and women in all states but 
Wyoming (Table 1). States with the largest percentage 
reduction among men were Virginia (38.6%), Idaho 
(35.7%), Washington DC (34.8%), Utah (32.7%), and 
Florida/California (both 32.3%) (Table 1, Figure 2). 
Those with the largest percentage reduction among 
women were New Jersey (43.9%), Nevada (43.4%), Cali- 
fornia (42.2%), Maryland (41.7%) and Massachusetts 
(38.1%). States with the smallest percentage reduction 
among men were Wyoming (0%), Missouri (5.6%), Kan- 
sas (8.3%), Oklahoma (12.5%) and Iowa (12.9%), and 
among women they were Wyoming (6.9%), Iowa (7.0%), 
Ohio (9.8%), Indiana (10.1%) and West Virginia (10.7%). 

Regionally, the percentage reductions in smoking from 
1992-93 to 2006-07 among men and women respectively 
were the largest in the West (average decrease of 28.5% 
and 33.3%) and the smallest in the Midwest (18.6% and 
20.3%) (Additional File 1, Table SI). Within region, the 
decreases by state were not statistically significant in 8 
of 12 mid-western states and 9 of 17 southern states for 
at least one sex. Seven mid-western states (North 
Dakota, Nebraska, Iowa, Kansas, Missouri, Indiana, and 
Ohio) were in the bottom 10 states for reductions in 
male and/or female smoking (Figure 2). 

Considerable heterogeneity in the trends was observed 
in certain regions, especially in the Mountain States and 
Midwest (Additional File 1, Table SI and Figure 2). 
Whereas Wyoming had the smallest percentage decrease 
in both sexes, the bordering state of Idaho had the second 
largest percentage decrease in men (35.7%) and was in the 
top quintile for women (36.2%). South Dakota had greater 
reductions in male and female smoking (by 21.5%, 20.5%) 
respectively than the neighboring states of either North 
Dakota (13.9%, 14.6%) or Nebraska (13.4%, 14.0%). Simi- 
larly, the reductions in male and/or female smoking, 
respectively, were much smaller in Missouri (5.6%, 14.5%), 
Iowa (12.9%, 7.0%), and Kansas (8.3%, 23.8%) than in 
Michigan (28.2%, 29.4%), and Minnesota (20.3%, 33.5%). 



Jemal et at. BMC Public Health 201 1, 1 1:512 
http://www.biomedcentral.eom/1 471-2458/1 1/512 



Page 4 of 10 



Table 1 Current smoking prevalence among adults (aged 18 years or older) by sex and state, according to data from 
Current Population Survey, 1992-1993, 1998-1999, and 2006-2007 



Males Females 



State 


1992-93 


1998-99 


2006-07 


Relative Change 
(%) 1992-93 vs. 
2006-07* 


1992-93 


1998-99 


2006-07 


Relative Change 
(%) 1 992-93 vs. 
2006-07* 


IOI 


SOTC 




Prop 

(%> 


SE 


Prop 

(%> 


SE 


Prop 

(%) 


SE 




Prop 

(%> 


SE 


Prop 

(%) 


SE 


Prop 

(%) 


SE 








Alabama 


29.7 


0.83 


24.6 


1.39 


24.1 


1.38 


-1 9.0t 


22.2 


0.88 


20.2 


1.19 


18.6 


1.39 


-15.9 


0.89 


-0.18 


Alaska 


29.0 


1.84 


27.0 


2.64 


24.1 


1.08 


-17.1 


26.3 


1.35 


26.4 


1.39 


21.3 


1.04 


-18.9+ 


10.55 


0.30 


Arizona 


24.7 


1.17 


22.3 


1.08 


19.2 


0.99 


-22.3t 


20.1 


1.16 


17.6 


0.88 


16.1 


1 .00 


-20.1 


5.25 


4.03 


Arkansas 


32.6 


1.55 


28.1 


1.55 


26.7 


1.70 


-18.2 


25.3 


1.16 


24.1 


1.40 


21.4 


1.43 


-15.4 


1.99 


0.08 


California 


22.4 


0.46 


19.7 


0.60 


15.2 


0.45 


-32.2+ 


15.6 


0.43 


13.6 


0.45 


9.0 


0.33 


-42.2+ 


6.74 


3.73 


Colorado 


25.3 


1.07 


21.1 


0.95 


17.8 


1.01 


-29.8+ 


23.1 


1.12 


19.3 


0.89 


14.7 


0.82 


-36.2+ 


2.75 


-0.40 


Connecticut 


24.2 


1.41 


22.5 


2.03 


17.9 


0.97 


-26.1 + 


20.6 


1.02 


18.7 


1.42 


13.1 


0.68 


-36.2+ 


4.22 


0.37 


Delaware 


24.3 


1.45 


23.8 


1.38 


20.1 


1.23 


-17.4 


22.3 


1.77 


22.9 


1.43 


15.7 


0.98 


-29.5+ 


2.07 


-1.07 


District of 
Columbia 


26.1 


1.25 


26.6 


1.75 


17.0 


1.22 


-34.8+ 


20.9 


1.18 


21.0 


1.32 


13.5 


0.99 


-35.3+ 


6.85 


-0.87 


Florida 


26.7 


0.71 


23.8 


0.74 


18.0 


0.73 


-32.3+ 


21.4 


0.60 


17.9 


0.53 


13.7 


0.59 


-36.1 + 


3.53 


1 .70 


Georgia 


28.3 


1.70 


23.9 


1.30 


21.0 


1.21 


-26.0+ 


20.8 


1.34 


16.4 


0.85 


15.1 


0.87 


-27.5+ 


1.73 


0.39 


Hawaii 


25.9 


1.43 


22.0 


1.34 


18.6 


1.14 


-28.1 + 


18.8 


1.25 


15.1 


1.17 


12.3 


0.87 


-34.3+ 


9.04 


0.96 


daho 


26.2 


1.29 


24.7 


1.70 


16.9 


1.18 


-35.7+ 


21.1 


1.42 


18.8 


1.57 


13.4 


1.16 


-36.2+ 


3.78 


0.13 


Illinois 


27.1 


0.75 


25.1 


0.80 


20.9 


0.86 


-23.0+ 


22.1 


0.61 


20.9 


0.54 


15.8 


0.79 


-28.5+ 


4.61 


-0.71 


Indiana 


31.6 


2.06 


30.3 


1.52 


26.8 


1.33 


-15.3 


24.6 


1.06 


24.1 


1.22 


22.1 


1.11 


-10.1 


1.42 


-1.08 


owa 


26.5 


0.71 


25.1 


1.29 


23.1 


1.11 


-12.9 


20.6 


1.38 


19.7 


1.12 


19.1 


1.03 


-7.0 


2.1 7 


0.-1 1 


Kansas 


25.0 


1.40 


24.4 


1.45 


22.9 


1.31 


-8.3 


23.5 


1.58 


20.7 


1.26 


17.9 


0.90 


-23.8+ 


4.89 


0.47 


Kentucky 


35.8 


1.19 


32.4 


1.42 


29.8 


1.36 


-16.7+ 


28.5 


1.26 


27.5 


1.34 


25.1 


1.10 


-1 1.8 


-1.09 


-0.19 


Louisiana 


27.2 


1.81 


27.3 


1.42 


21.5 


2.09 


-21.0 


23.8 


1.36 


18.8 


0.97 


18.4 


1.36 


-22.5 


2.64 


-2.30 


Maine 


30.5 


1.47 


25.6 


1.67 


23.5 


1.09 


-22.8+ 


26.6 


1.19 


21.6 


1.32 


19.1 


0.97 


-28.2+ 


6.96 


-1.24 


Maryland 


24.1 


1.03 


22.1 


1.34 


17.8 


0.89 


-26.3+ 


23.1 


150 


17.1 


1.08 


13.5 


0.90 


-41 .7+ 


8.24 


0.97 


Massachusetts 


22.1 


0.74 


22.2 


1.11 


16.6 


1.12 


-24.9+ 


20.8 


0.71 


16.7 


0.81 


12.9 


0.98 


-38.1 + 


8.63 


0.46 


Michigan 


TQ Q 

zy.o 


U./j 


ic; 1 
Z.J. I 


n 70 

u./y 


11 A 

Z 1 .4 




-28.2+ 


1A 7 

Z4./ 


n £.q 
U.Oj 


11 7 
Z I ./ 


n Qf^ 
U.oj 


I / .J 


n Q/i 
U.o4 


-29.4+ 


6.64 


0.90 


Minnesota 


1£ 3 
ZD.J 


1 .■ 1 / 


ZZ./ 


I .Uo 


in o 

zu.y 


1 no 
I .Do 


-20.3+ 


1A 1 
z- I . I 


1 C" A 

\ .y\ 


1 O Q 

i y.o 


1 1 Q 

i . i y 


1 a n 
I D.U 


n 73 
U./j 


-33.5+ 


5.96 


1.74 


Mississippi 


30.3 


1 A 1 


26.2 


1 .42 


23.9 


l .50 


-21.3+ 


21 .0 


1 .12 


1 7.6 


1 .23 


1 6.7 


1 .33 


-20.5 


0.76 


1.28 


Missouri 


1Q 3 
ZO.J 


I .3/ 


1A 1 

ZD. I 


1 A 3 


1£ 7 
ZD./ 


1 A 1 
I A I 


-5.6 


24.4 


1 7A 


ni 

z I . I 


1 1Q 
1 .ZO 


in o 
zu.y 


1 fVl 

1 ,u-- 1 


-14.5 


3.38 


-0.79 


Montana 


13 n 


1 3£ 


13 A 
Z3A 


1 1Q 

i .zy 


I o.o 


1 3n 


-18.0 


1/1 1 
Z4. I 


1 1 c, 
I . I 0 


13 1 
Zj.Z 


1 in 
1 .zu 


1 fi O 


1 33 


-29.8+ 


2.88 


-1.60 


Nebraska 


1/1 1 


I .uz 


11 Q 
Z I .o 


1 10. 

i .zy 


zu.y 


n 03 
u.yj 


-13.4 


in n 
zu.u 


1 1 Q 

i . i y 


in ^ 
zu.o 


n qi 

U.o I 


1 7 1 
1 / .Z 


n qq 
u.yy 


-14.0 


3.61 


-0.31 


Nevada 


10 7 

zy./ 


1 . 1 z 


It C, 


1 3Q 
I JO 


in q 


1 n 

1 .ZZ 


-29.8+ 


17 1 

z/. I 


1 n7 
I .U/ 


ZZ.D 


1 13 
1 .Z 0 


1 £ 3 


1 1 £ 


-43.4+ 


1.27 


-1.42 


New 
Hampshire 


24.9 


1.30 


23.5 


1.50 


17.4 


0.86 


-30.4+ 


24.5 


1/17 


20.7 


1.22 


15.8 


0.87 


-35.5+ 


5.42 


-0.45 


New Jersey 


Oil 
z 1 . 1 


U.oo 


Z 1 .3 


U.oj 


1 J.4 


U.o/ 


-26.8+ 


1Q7 

i y./ 


n £Q 
U.jo 


O.O 


n 

U.oj 


1 1.1 


n 

U./o 


-43.9+ 


7.93 


1.12 


New Mexico 


27.5 


1.34 


24.1 


1.16 


22.8 


1.42 


16.9 


20.7 


1.09 


18.0 


1.29 


15.9 


1.58 


-23.1 


2.70 


-0.53 


New York 


23.5 


0.51 


23.0 


0.63 


17.3 


0.62 


-26.3+ 


19.8 


0.57 


18.4 


0.59 


13.0 


0.52 


-34.2+ 


8.03 


0.69 


North 
Carolina 


31.7 


0.93 


25.9 


0.94 


23.3 


1.04 


-26.5+ 


22.6 


0.64 


20.3 


0.73 


16.7 


0.77 


-26.2+ 


0.41 


-0.14 


North Dakota 


23.0 


1.48 


21.7 


1.99 


19.8 


1.25 


-13.9 


21.4 


1.96 


19.3 


1.15 


18.3 


1.13 


-14.6 


5.04 


-0.93 


Ohio 


28.1 


0.53 


24.9 


0.94 


23.3 


0.88 


-17.0+ 


24.1 


0.65 


23.2 


0.80 


21.7 


1.01 


-9.8 


2.40 


-1.05 


Oklahoma 


29.1 


1.45 


30.3 


0.95 


25.5 


1.46 


-12.5 


24.7 


1.42 


25.1 


0.90 


21.8 


1.48 


-11.8 


1.46 


0.84 


Oregon 


26.4 


1.13 


23.3 


1.30 


20.0 


1.21 


-24.4+ 


19.5 


0.95 


19.1 


1.03 


15.9 


0.86 


-18.6+ 


4.96 


0.90 


Pennsylvania 


25.4 


0.71 


25.0 


0.67 


20.4 


0.71 


-19.7+ 


21.5 


0.61 


21.0 


0.68 


17.9 


0.75 


-16.7+ 


1.79 


-0.68 


Rhode Island 


22.0 


1.00 


21.5 


1.40 


18.9 


0.97 


-14.3 


24.2 


1.01 


18.4 


I . I ■-] 


15.3 


0.77 


-37.0+ 


6.88 


1.09 


South 
Carolina 


29.6 


1.19 


26.1 


1.39 


24.6 


1.23 


-1 7.0+ 


22.3 


1.09 


19.9 


1.36 


17.6 


1.10 


-21.0+ 


0.47 


-0.48 


South Dakota 


28.5 


1.39 


25.5 


1.77 


22.4 


1.14 


-21.5+ 


22.8 


1.07 


22.7 


1.36 


18.1 


1.25 


-20.5 


0.75 


-1.20 


Tennessee 


32.3 


1.61 


29.8 


1.56 


26.1 


1.60 


-19.2 


25.4 


1.05 


22.5 


1.09 


21.2 


1.18 


-16.5 


0.58 


-1.28 
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Table 1 Current smoking prevalence among adults (aged 18 years or older) by sex and state, according to data from 
Current Population Survey, 1992-1993, 1998-1999, and 2006-2007 (Continued) 



Texas 


27.1 


0.82 


24.3 


0.69 


20.1 


0.69 


-26.1t 


20.0 


0.58 


17.7 


0.57 


13.9 


0.43 


-30.4+ 


3.75 


-0.61 


Utah 


20.2 


1.12 


16.4 


1.31 


13.6 


1.13 


-32.7t 


13.8 


0.95 


11.4 


1.11 


10.6 


1.16 


-23.4 


7.77 


-0.29 


Vermont 


29.2 


1.44 


23.9 


1.38 


20.8 


1.20 


-28.61 


23.5 


1.73 


20.9 


1.07 


19.1 


1.17 


-19.1 


6.37 


-1.15 


Virginia 


29.5 


1.47 


24.1 


0.93 


18.1 


1.01 


-38.61 


21.8 


1.26 


17.7 


0.86 


14.8 


0.88 


-32.1 + 


1.44 


0.07 


Washington 


25.9 


1.22 


21.8 


1.13 


18.9 


0.98 


-26.91 


22.5 


1.16 


18.6 


0.99 


16.6 


1.04 


-26.5+ 


8.45 


0.23 


West Virginia 


32.6 


1.50 


28.9 


1.46 


25.1 


1.45 


-23.11 


28.1 


1.50 


24.2 


1.59 


25.1 


1.07 


-10.7 


1.77 


-0.53 


Wisconsin 


27.0 


1.26 


28.8 


1.43 


21.8 


1.03 


-19.21 


25.3 


1.62 


20.3 


1.34 


20.0 


0.84 


-21.1 + 


5.74 


-0.04 


Wyoming 


24.9 


1.32 


23.9 


1.35 


24.9 


1.06 


0.0 


24.8 


1.10 


23.5 


1.24 


23.0 


1.12 


-6.9 


0.33 


-0.92 


Total United 


26.5 


0.17 


24.0 


0.15 


20.1 


0.16 


-24.21 


21.5 


0.16 


19.0 


0.13 


15.5 


0.12 


-27.6+ 







States 



*The absolute difference is smoking prevalence between 2006/7 and 1992/3 as expressed as a percentage of the 1992-93 and 1998-99 prevalence, respectively, 
t The 95% confidence intervals for 1992-1993 and 2006-2007 prevalence estimates do not overlap. 

IOI = Initial Outcome Index measures the percentage of smokers covered by 100% smoke-free work sites, price of cigarette, and legislative rating for clean-indoor 
air. The IOI was measured in 1998-99 in order to assess the effectiveness of the ASSIST program. 

SOTC = Strength of Tobacco Control index measures tobacco control resources, capacity and program efforts focused on policy and environmental changes. The 
SOTC was measured in 1998-99 in order to assess the effectiveness of the ASSIST program. 
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Males 




Percent Decrease in 
Smoking Prevalence 

0.0-16.9 
17.0- 19.7 
19.8- 24.9 
I I 25.0 - 28.2 
— I 28.3 - 38.7 




Percent Decrease in 
Smoking Prevalence 

6.9-14.6 
14.7- 21.0 
21.1 - 28.5 
I | 28.6 - 35.5 
I 1 35.6 - 43.9 



Figure 2 Relative change in smoking prevalence between 1992-1993 and 2006-2007 by state Source: Current Population Survey, 1992/93 
and 2006-07 



The decrease in smoking prevalence by state was not 
strongly correlated with the 1992-93 baseline smoking 
prevalence in either women (r = 0.29, p = 0.04) or men 
(r = 0.10, p = 0.47). For example, the relative percentage 
reduction in women's smoking prevalence was as large 
in California (42.2%) as in Nevada (43.4%), even though 
the initial smoking prevalence was nearly half as high 
among women in California. Further, the relative per- 
centage decrease in smoking prevalence was generally 
greater in women (median = 23.4%) than in men (med- 
ian = 21.5%), while the relative prevalence of smoking 
was higher in men than women in all states except 
Rhode Island (22.0%, 24.2%) and Montana (23.0%, 
24.1%) at the start of the study. 

The relative change in smoking prevalence by state 
was significantly correlated with the state's IOI score in 
both women (r = -0.49, p < 0.001) and men (r = -0.31, 



p = 0.03) and with state's SOTC index in women (r = 
-0.30, p = 0.03), but not in men (r = -0.21, P = 0.14) 
(Figure 3). The correlation coefficients remained 
unchanged when we adjusted for percent federal poverty 
level and/or percent black in the population. They were 
not also affected by exclusion of states with extreme 
values or outliers, including Arizona and California for 
the highest IOI, Alaska for the highest SOTC, and 
Wyoming and Nevada for the lowest and highest rela- 
tive changes, respectively. However, the associations 
became weaker or non-existent when we restricted the 
analysis to non-Hispanic whites (r = -0.2 to r = 0.01, p 
> 0.1), except for IOI among women (r = -0.54, p < 
0.0001). 

In contrast to the 1992-93 to 2006-07 period where 
smoking prevalence statistically decreased in 35 states in 
men and 31 states in women, smoking prevalence from 
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Symbols indicate state abbreviations 

Figure 3 Relationship between changes in smoking prevalence and indices of state tobacco control policies and activities (101) and 
tobacco control resources and capacity (SOTC) 

s J 



1998-99 to 2006-07 significantly decreased in 14 states 
in men and 19 states in women, with 5 of these states 
in men and 4 in women located in the North East 
(Additional File 2, Table S2). Overall the decreases in 
the smoking prevalence from 1998-99-2006-07 by state 
were not statistically significantly correlated with 
changes in the price of cigarettes (men, r = -0.1, p = 0.5; 
women, r = -0.2, p = 0.13), nor with changes in percent 
of indoor workers with smoke-free work place (men, r = 
-0.2, p = 0.18; women, r = 0.0, p = 0.8) over the corre- 
sponding time interval. 

Conclusions 

Tobacco control policies at the state level have been a 
major impetus for reductions in smoking prevalence in 
the United States. We observed that states with higher 



indices of tobacco control, and specifically measured by 
cigarette excise taxes, smoke-free work places and legis- 
lation (IOI), had larger reductions in smoking preva- 
lence over the 15 years of observation than states with 
weaker policies. These results suggest that cigarette 
taxes and smoke free laws may have a more direct effect 
on tobacco control than does SOTC, which reflects pro- 
grammatic resources and capacity. It could be that there 
needs to be a threshold of SOTC that must be main- 
tained to give rise to the policies that directly impact 
smoking prevalence [23]. Increased excise taxes on 
cigarettes and restrictions on smoking in work places 
have been shown to reduce smoking prevalence and 
consumption [24-26]. 

Our results extend the findings of Stillman et al. [6] by 
providing an additional eight years of observation since 
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the tobacco control measures were implemented. Our 
results, like those of Stillman et al. [6], found a greater 
reduction in smoking prevalence associated with the IOI 
in women than in men. Whether this reflects higher 
price sensitivity and/or greater responses to other fac- 
tors that track with policy changes, such as media cam- 
paigns on the health hazard of smoking in women, is 
not known. Similar to our findings, Stillman et al. did 
not find an association between SOTC and reduction in 
smoking prevalence [6]. 

We observed prominent regional variation in smoking 
prevalence and in the reductions in prevalence as 
reported previously by others [3,4,27,28]. The Midwest 
experienced the smallest reduction in smoking preva- 
lence in both men and women (18.6% and 20.3% respec- 
tively); the West, influenced strongly by California, had 
the largest reduction for both men (28.5%) and women 
(33.3%). Intermediate patterns were seen in the South 
(reductions of 25.5% in men and 26.9% in women) and 
North East (24.4% and 31.7%). It is interesting that the 
observed relative percentage reduction in smoking pre- 
valence was more closely correlated with tobacco con- 
trol measures, particularly the IOI, than with the initial 
smoking prevalence in the state. This suggests that 
strengthening state tobacco control programs should 
further reduce smoking prevalence in all states, even in 
those with already low smoking prevalence such as Cali- 
fornia and Utah. 

There is considerable heterogeneity within region in 
reduction of smoking prevalence. For example, whereas 
Wyoming had the smallest relative percentage decrease 
in both sexes, the bordering state of Idaho had the sec- 
ond largest relative percentage decrease in men and 
was in the top quintile for women. Some of this het- 
erogeneity is related to variations in tobacco control 
policies [5,29,30], but other factors are clearly influen- 
tial in certain states. The large reduction in Nevada, 
particularly among women, may in part reflect recent 
influx of Hispanic immigrants into this state [31]. In 
general, smoking prevalence is lower in foreign born 
Hispanics than US born Hispanics [32,33]. The large 
decrease in North Carolina, Virginia, and New Jersey 
may reflect changes in the economic base or proximity 
to major metropolitan areas that likely influence the 
trends. However, it is not clear why smoking preva- 
lence in Arkansas has decreased more slowly than 
would be predicted from the two indices of tobacco 
control. 

The TUS-CPS survey uses consistent study design and 
interview methodology across surveys and states/regions 
for comparisons of prevalence data over time and across 
regions. In addition, the survey has a high response rate, 
about 88% for the 1992-93 survey and 83% for the 



2006-07 survey. This contrasts with about a 50% or 
lower response rate for the BRFSS [27,34]. Our main 
findings were not affected by the choice of correlation 
method (Pearson vs. Spearman) or by the exclusions of 
outliers. 

There are a number of limitations in the data and 
analysis that may affect the interpretations of our find- 
ings. About 75% of interviews in the 1992-93 TUS-CPS 
and 64% of interviews in the 2006-07 survey were con- 
ducted by telephone rather than in person. However, 
this percentage varied very little across states for both 
the 1992-93 and the 2006-07 surveys. For the 2006-07 
survey, the percentage of telephone interviews ranged 
from 50% in Florida to about 70% in Vermont. A second 
limitation of TUS-CPS is that about 18% of responses in 
the 1992-93 survey and 24% of responses in the 2006-07 
survey were proxy rather than self-reported. However, 
self-responses and proxy responses yield comparable 
estimates for adult smoking prevalence [28] except per- 
haps for young adults [35]. 

Third, in our correlation analysis we did not account 
for tobacco industry activities that primarily target states 
with strong tobacco control programs because these 
data are not readily available [36,37]. This may have 
attenuated our findings. Changes over time by geo- 
graphic area can be affected by mobility. However, the 
effect of migration is considered to be minimal when 
the unit of analysis is a large geographic area such as 
state as opposed to a small geographic area such as a 
county or a census tract [38]. 

Fourth, while the most important confounders 
(inflation-adjusted cigarette prices and percent of 
indoor workers covered by smoke-free workplaces) 
were controlled for in our analyses it is possible that 
residual confounding from tobacco control policies 
implemented after 1998-99 that generally have 
immediate effects on behavior, such as public smoking 
bans, may have contributed to the lack of association 
between 1998-99 the IOI and SOTC and 2006-07 
smoking prevalence. 

A recent analysis of smoking data from the National 
Health Interview Survey showed that the decrease in 
smoking prevalence at the national level has stalled 
from 2007 to 2008 [1]. Future studies should examine 
the extent of state variations in this more recent pattern 
when data become available. 

In conclusion, state level policies on cigarette excise 
taxes and indoor air legislation correlate strongly with 
reductions in smoking prevalence since 1992. The wide 
variations in progress, even among neighboring states, 
suggest that strengthening and systematically imple- 
menting these policies could greatly accelerate further 
reductions in smoking. 
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Additional material 



Additional File 1: Table SI: Current smoking prevalence among adults 
(aged 18 years or older) by sex, region, census division and state, 
according to data from Current Population Survey, 1992-1993 and 2006- 
2007 

Additional File 2: Table S2: Current smoking prevalence among adults 
(aged 18 years or older), by sex, state, division and region Current 
population surveys 1998-99 and 2006-07 
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